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Donald  R .  J ohns on 

Discussions  accompanying  presentation  of  transparencies. 

Figure  1:  Bathymetry  and  P°st^-a^ jfisey^elta  (also1  called  the 
Y^arPldateaureis0a  dominating  feature  oj 

irhas  a  characteristic  depth  of  less  than  50  meters.  The  East 

Novaya  Zemlya  Trough  reaches  depths  in  ®xc®s®  °£rough  to  the  Jorth 
sill  depth  communicating  to  the  Svyataya  Anna  “ter 

tr mind  15  0  m  Postulated  circulation  (principally  from  water 

mass  analysis)  shows  a  flow  from  the  rivers  both  to”Jr^h®  ”°^n 
and  along  the  coast  toward  the  east  as  expected.  In  the  western 
.  nf  the  basin  there  is  a  counterclockwise  flow  pattern,  with 

Novaya3  Zemlya”  *£3 f  SS  No^th  ttl^if  wltef  ST  obs2rv?l. 

^  n'%££?£:  s“mn  £ 

Laptev  Sea. 

Figure  2:  Salinity  observed  at  the  10  meter  level  during  the 

Nnrthwind  cruise  in  1965.  T  have  colored  water  with  less  than  30 
parts  per  thousand  of  salt  so  that  the  ’  fresher’  water  stream  can 
be  observed  from  the  river  entrances,  across  the  delta  toward  t 
northeast  and  then  northward  out  of  the  Kara  Sea. 

Figure  3:  Ship  track  during  the  1994  cruise.  I  have  labela<i  the 
Jfor  rivers  contributing  to  the  Kara  Sea,  the  Yenisey,  Ob  and 
Pechora.  The  Pechora  contributes  through  the  Kara  Gate  and,  as  of 
-it-  -i  a  not  clear  how  much  it  contributes  and  what  factors 
Influence  th^s level of" Contribution.  I  have  also  labeled  two 

sections  that  I  will  be  discussing  in  my  presentation  (Novaya 
Zemlya  (NZ)  to  Dickson  and  Dickson  to  'West'). 

Figure  4:  During  the  cruise  in  1994,  9  current  meter  moorings  were 
deployed.  Eight  were  retrieved  at  the  end  of  the  cruise  an  ° 
left  to  overwinter  in  the  trough.  The  symbols  coiored  red  had  both 
bottom  and  surface  current  meters  on  the  moorings,  and  t  g 
colored  symbols  had  only  bottom  current  meters. 

Figure  5=  This  figure  shows  Che  location  of  hydrographic  stations 
made  with  a  CTD  (conductivity,  temperature,  depth  recorder) . 

CTD  also  had  a  fluorometer  and  a  light  transmission  sensor  o 
board.  Since  it  will  become  important,  I  note  that  there  is  a  lack 
of  data  in  the  middle  op  the  'V' . 

Figure  6:  Salinity  at  5  meters  depth  measured  at  the  ^^graphic 
stations.  You  can  see  the  station  locations  represented  on  this 
graph  in  the  upper  right,  there  is  a  key  £or  the  color 
renresentation  of  salinity  running  from  10  to  32  parts  per 
thousand.  It  is  quite  clear  that  the  low  salinity  river  water 
turns  right  and  spreads  both  toward  the  north  and  toward  the  east, 
and  flowf on  both  sides  of  Sverdrup  Island  The  'bending'  toward 
the  west  may  be  partially  attibuted  to  the  lack  of  data  in  the 


(7^ 


central  region  and  the  tendency  of  the  gridding  program  to  fill-m 
the  blank  area. 

TT-icrure  7*  Chlorophyll  -  a  at  5  meters  as  determined,  by  the 
fluorometer.  note  the  heavy  contribution  from  the  Ob  River,  and 
again  the  indication  of  a  northeastward  flow  but  with  spreading 
also  into  the  interior. 

Figure  8:  Light  transmission  at  5  meters.  In  the  key  in  the  upper 
right  hand  corner  of  the  transparency,  it  can  be  _  seen  that  the 
lowest  light  transmission  at  this  shallow  depth  is  arou  ,  °> 

indicating  strong  sediment  and  biological  loads  of  the  rivers, 

especially  the  Ob. 

Figure  9:  Mean  currents  from  the  current  meters,  averaged  over  the 
period  of  deployment.  The  blue  arrows  indicate  surface  currents^., 
and  the  redarrow  indicate  bottom  currents.  The 

vector  in  the  figure,  on  the  upper  slope  of  the  delta,  is  10  cm/s. 
Note  the  eastward  flow  along  the  coast,  but  the  northwestward  flow 
in  the  center/west  of  the  river  outflow.  Also  note  the  bottom 
return  flow  toward  the  rivers.  But  the  bottom  flow  on  the  edge  and 
outside  of  the  delta,  goes  toward  the  north  and  east.  These 
currents  are  very  well  aligned  with  topography. 

Figure  10:  Time  series  of  near  surface  currents  at  the  entrance  to 
the  Ob  River  estuary.  The  y-axis  represents  cm 

per  second  and  the  x-axis  represents  time  in  Julian  days.  The  red 
line  is  the  east  component  of  current  speed  and  the  blue  line  is 
the  north  component.  Note  that  the  currents  here  are  strongly 
dominated  by  the  semi-diurnal  tide  with  amplitudes  exceeding  40 
cm/s.  The  average  current  is  only  about  3  cm/s. 

Figure  11:  Time  series  of  currents  along  the  slope  of  the  Yamal 
Plateau.  The  red  line  represents  shallow  components  of  the  current 
and  the  "blue  line  represents  the  deep  components.  The  time 
in  the  upper  graph  are  the  cross- topography  components  and  the 
lower  graph  contains  the  along- topography  components.  Although 
tidal  currents  are  well  represented  here  also,  especially  in  t 
surface  currents  (red  lines),  they  are  dominated  by  a  sub-tidal 
component.  Note  also  that  at  the  end  of  the  deployment,  gale  force 
winds  began  to  blow.  There  is  a  strong  amplification  of  currents 
both  at  the  surface  and  at  the  bottom  during  this  period  showing 
barotropic  behavior. 

Figure  12:  Since  the /semi-diurnal  tide  is  12.42  hours  and  the 

inertial  period  is  12.48  hours,  we  can  expect  a  lot  of  energy  in 
that  particular  period.  For  that  reason,  I  have  averaged  the 
currents  every  12.5  hours  and  displayed  the  individual  vectors  m 
this  figure.  This  gives  an  indication  of  the  suprisingly  strong 
sub- tidal  fluctuations  in  the  surface  currents.  Note  that  the 
currents  to  the  east  of  the  rivers  have  mostly  _  an  eastward 
component,  the  central  and  westward  currents  are  heavily  scattered 
and  more  toward  the  northwest.  This  indicates  that  there  should.be 
strong  horizontal  mixing  toward  the  west  accompanying  the  advection 


toward  the  east . 

mi-  m4-v./^n^r  ir=  vi  a  Vi  i  i  i  I- v  can.  be  demonstrated  in  this 
Figure  13 :  The  strong  varxab  Y  c  the  shipboard  acoustic 

section  of  currents  at  15  m,  tve  'raw'  values  taken 

doopler  current  profiler  (adcp) .  These  are  the  raw 

during  the  ship  transect  from  NZ  to  Dickson. 

Figure  14:  But  if  we  take  into  accouat  t! he^l2 .  S^hour  t^esjmd 

inertial  components,  and  average  qj  courSe,  since  the 

12.5  hours,  the  picture  becomes ;  much i  better  ^f  co^s^ce/time 
ship  is  moving  during  the  averaging  time^  there^is  ^  P^  near_ 

smear.  nevertheless ,  the  p  t  ^  confirm  the  general 

surface  circulation  pattern  a  There  is  an  outflow  along 

pattern  from  the  mooJeJ  side  of  Sverdrup  Island.  In  the 

the  coast  there  is a  general  northward  drift.  And.. 

a?Sundnthe  northern  tip  of  Novaya  Zemlya,  there  is  an  outflow. 

Figure  15:  Short-term  , sate^ jteo£  1  t^tracks* ’"show  the8  drift 

directions  ^hifSso  a^  seen  by  the 

oth«  systems,  plus  shows  ah  inflow  through  the  Kara  Gate. 

?^r§ic£sonSteoa  ent^nS  SSftSVrSS 

area  (section  location  shown _ on  Fig.  3). 

Figure  17:  Bottom  topography  -a-red^ 

very" strong^ salinity^front9that  °°cnns  ho  the^vrest^r)^  the  river 

entrances.  The  front  appears  to  be  situated  over  one  e  a 
delta. 

Figure  18:  Sea  surface 

from  NZ  to  Dickson  (see  fig.  3) .  Here  rronc 
and  may  actually  be  a  double  front. 

Figure  19:  Bottom  topography  to  accompany  fig.  18.  Also  shows 
alignment  of  salinity  front  with  edge  of  delta. 

„j_,.ro  9f>.  qrales  In  order  to  understand  something  of  the 

^iIoement0ofSthiesS  salinity  front,  I  resort  m  this 

appear  at  about  170  km  from  the  rivers.  But  if  we  tal fce 
horizontal  mixing  coefficient  which  ranges  from  e  to  e ,  t 
tL  time  scale  fir  spreading  that  distance  ranges  from  300  to  30 
With  viqorous  mixing,  the  30  day  time  scaie  wo 
srtpmiate  Thisgwould  mean  that  the  front  may  be  the  result  of 
halting  of  spreading  by  the  topographically  trapped  current  tha  we 
have  seen  on  the  edge  of  the  delta. 


Fi9UrS  ills 

SSTS^^-tiS  &c- 3at :an 

From  this  figure  we  can  see  a  suprrsrngly  high  ec =rre  winas  in 

.6)  with  a  ^^ugh  She  number  of  points 

all  cases  as  expected  from  Coriolis .  Aiunuy  pattern 

involved  in  the  statistics  is  small,  nevertheless,  one  Pd 

seems  very  clear. 

Figure  22 :  m  this  figure  ^^^^“outTide*  of  IheTlS^lnS 

spreading  and  horizontally  mixing  the  river  plumes. 

•  o’a  Tn  t-his  fiaure  I  show  a  salinity  and  temperature- 

profile  2(p:resSI5ret/hdepth1lown;arc If  rot ,  0  to  35  meters  an^rnrty 

^rn9thartm there°  11  Pf  siring' hllocUne  S  over  &  parts  per 
^ousand  over  less  than flux 
of  foment™  theYor^tl?  mixing  by  winds  can  be  very  vrgorous. 


Figure  24: 


Conclusions . 


Sediment  Distribution  in  Deep  Areas  of  the  Northern  Kara  Sea  233 

continental  shelf  (Fig.  I).  The  islands  of  Franz  Severnaya^ly,  The  norOtc*n  Ihnits 


Joseph  Land  arid  Novaya  Zcmlya  and  the  imagi¬ 
nary  line  connecting  them  separate  the  Barents 
Sen  from  the  Kara  Sea.  The  southern  limits  arc  the 
West  Siberian '  ‘Lowlands  and  the  Taymur 
(Taymyr)  Peninsula.  The  eastern  limits  are  the 


are  defined  by  the  imaginary  line  connecting  the 
northernmost  islands  of  Franz  Joseph  Land  and 
Severnaya  Zemlya,  at  approximately  81*30'  north 

latitude.  . 

The  area  of  the  Kara  Sea  is  851,000  kmJ  with 
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CIRCULATION  PATTERN 


Surface  Currents 
fcl*2  Johnson  and  _a 

Milligan  { 1967} 

^ur  Zcnkevitch  ( 1963)  — 

Bottom  Currents 
Zenkevitch  [  1963}  — * 


Fig  2.  Physiography  and  currents  of  ihc  Kara  Sea.  Physiography  from  Johnson  and  Milligan  (1967)  based  on 
data  collcelcd^from  the  Non/, wind  The  large  arrow  indicalcs  the  position  of  the  north-flowing  current  postula 
front  data  contained  in  this  study. 


°f  Se660-1  34-5%.  salinity  vater  is  Atlantic  water  (Coachman  and  Barnes  1961).  The 
profile  is  660.1.  ^  ■  shown  by  on  Fig.  1. 
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Wind/current  vector  correlation  data 

wlxw2*= [re+i  (im)  ] / [sqrt (sl)xsqrt (s2) ) ] 

where  re  =  sum(ulxu2+vlxv2) 
im  =  sum(vlxu2-v2xul) 
si  =  sum(ulxul+vlxvl) 
s2  =  sum(u2xu2+v2xv2) 
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Inertial  Period  (74  deg) :  12.48  hr 
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LONGITUDE 


temperature.  IPT5-6B  [deg  C)  ;  l  Fluorometer  Volts:  1 

.000  -1.000  0.000  1.000  2.000  3.000  0.000  1.000  2.000  3.000  4.000  5.000  6.000  7.000 


09120750 .CNV:  100  Km  North  of  00/ 


CONCLUSIONS 


1.  The  Kara  Sea  contributes  about  1/2  the  fresh  water  inflow 
to  the  Arctic.  This  makes  it  extremely  important  from 
physical  dynamics  as  well  as  from  Arctic  pollution  concerns, 
especially  since  the  drainage  basins  of  the  contributing  rivers 
are  industrialized. 

2.  Vigorous  mixing  from  tides,  inertial  currents  and  winds 
spread  the  river  outflow  toward  the  west  as  well  as  toward  the 
easLas  expected  from  fluid  dynamics  on  a  rotational  earth. 

3.  This  westward  spreading  was  confined  in  1994  due  to  a 
relatively  strong  current  along  the  slope  of  the  Yamal  Plateau. 

4.  Flow  along  the  eastern  side  of  Novaya  Zemlya  was 
northward,  instead  of  southward  as  expected. 

5.  Flow  around  the  northern  tip  of  Novaya  Zemlya  appeared 
to  be  northwestward,  instead  of  southeastward,  into  the  Sea, 
as  expected.  However,  without  longer  time  series,  this  cannot 
be  justified  as  characteristic,  even  over  the  short  summer 
time. 

6.  We  need  to  better  understand  the  pathways  for  spreading 
of  Kara  Sea  fresh  water  into  the  rest  of  the  Arctic. 


